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1	Introduction
Skin	homeostasis	relies	on	a	highly	integrated	network	of	proteins	mediating	cell	adhesion	and	communication,	thus	facilitating	cellular	responses	to	the	mechanical	changes	in	their	environment.	In	part,	this	is	achieved	via
both	 cadherin	 and	 integrin	 interactions	with	 actin	microfilaments,	microtubules	 and	 intermediate	 filaments	 (IFs).	 Specifically,	 IFs	 are	mainly	 implicated	 in	 tissue	 strength,	 being	 able	 to	 resist	 to	 a	 high	 degree	 of	 deformation	 in
association	 with	 desmosomes	 (Janmey	 et	 al.,	 1991;	 Suresh,	 2007).	 Any	 perturbation	 of	 the	 desmosome/IF	 complex	 compromises	 tissue	 integrity,	 resulting	 in	 a	 pathological	 condition	 and	 demonstrating	 the	 importance	 of	 the
desmosome/IF	scaffolding	 (Bouvard	et	al.,	2001;	Fuchs	and	Cleveland,	1998;	McMillan	and	Shimizu,	2001;	Omary,	2009;	 Steinert	 and	Bale,	 1993).	Desmoplakin	 (DSP)	 is	 a	 fundamental	 component	 of	 the	 intracellular	 desmosome
structure,	and	it	is	abundantly	expressed	both	in	myocardial	and	epidermal	tissues.	DSP	uses	its	COOH-terminal	plakin	repeat	domain	to	anchor	the	IFs,	including	desmin	(heart)	and	keratins	(skin)	(Kouklis	et	al.,	1994;	Meng	et	al.,



















associated	with	both	heart	and	skin	disease	 (cardiocutaneous	syndrome).	 In	 this	 study,	we	 investigated	 the	mechanical	properties	of	human	keratinocytes	harboring	a	cardiocutaneous-associated	homozygous	C-terminal











































































Elasticity	 data	 (Fig.	 3A)	 showed	 that	 the	 JD-1	 keratinocytes	 display	 a	 softer	 cell	 compared	 to	 the	 control	 keratinocytes,	 indeed	 Young’s	modulus	 is	 reduced	 by	 34%	 for	 the	mutated	 form	 (1.09 ± 0.75 kPa	 for	 JD-1	 versus
1.63 ± 1.09 kPa	for	K1,	P < 0.0001).	At	the	same	time,	JD-1	keratinocytes	are	less	viscous	compared	to	control	cells,	and	are	able	to	store	less	energy	in	their	cytoplasmic	components	if	subjected	to	a	not-prolonged	mechanical	stress,	as



































In	 JD-1	keratinocytes,	 the	C	subdomain	of	 the	C-terminal	 tail	 is	missing	and	replaced	by	a	sequence	of	eighteen	amino	acids	 (Fig.	5C	and	Supplementary	 Information),	which	hampers	 the	proper	binding	with	 IFs.	 In	 this
scenario,	the	disconnection	between	desmoplakin	and	keratin	in	JD-1	cells	dramatically	affects	both	the	mechano-transduction	pathway	and	the	cellular	mechanics.





















Our	 study	underlined	 that	 single	 cell	 force	 spectroscopy	 through	AFM	can	be	employed	 to	describe	biomechanical	properties	of	 living	cells	 in	which	an	altered	 intermediate	 filaments	 cytoskeletal	 architecture	arise	 from
desmoplakin	genetic	modification.
In	the	case	of	JD-1	keratinocytes,	AFM	data	revealed	that	modification	of	desmoplakin,	a	protein	connecting	the	intermediate	filaments	(IFs)	to	the	desmosome	plaque,	induced	a	dramatic	alteration	of	the	tensional	equilibrium
of	the	cell,	which	in	turn	lead	to	a	decreased	cell	stiffness	(Young’s	modulus),	reduced	adhesion	work	and	cell	enlargement.
Collectively,	our	results	could	be	explained	by	the	tensegrity	model	(Ingber,	2008),	which	explains	how	living	cells	maintain	their	shape	being	a	pre-stressed	structure,	in	which	tensional	forces	are	borne	by	actin	and	IFs,	and
these	forces	are	balanced	by	microtubule	filaments	allowing	the	whole	cellular	structure	to	withstand	a	compression.	Using	this	model,	it	has	been	demonstrated	that	when	IFs	are	chemically	disrupted,	the	cellular	traction	forces
exerted	on	the	extracellular	matrix	anchors	decrease	and	the	cell	 is	more	prone	to	deform	(Eckes	et	al.,	1998;	Kolodney	and	Wysolmerski,	1992;	Wang	and	Stamenovic,	2000).	Similarly,	DSP	mutation	may	exert	effects	on	the	IFs
network	organization	leading	to	a	dramatic	alteration	of	the	mechanical	properties	respect	to	the	control	keratinocytes.	As	a	future	perspective	of	this	work,	atomic	force	microscopy	could	be	used	as	a	valuable	tool	to	study	the	binding
properties	of	the	whole	desmosomal	cadherins	in	JD-1	cells.
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